Results are presented from the first intercomparison of large-eddy simulation (LES) models for the stable boundary layer (SBL), as part of the Global Energy and Water Cycle Experiment Atmospheric Boundary Layer Study initiative. A moderately stable case is used, based on Arctic observations. All models produce successful simulations, in as much as they generate resolved turbulence and reflect many of the results from local scaling theory and observations. Simulations performed at 1-m and 2-m resolution show only small changes in the mean profiles compared to coarser resolutions. Also, sensitivity to subgrid models for individual models highlights their importance in SBL simulation at moderate resolution (6.25 m). Stability functions are derived from the LES using typical mixing lengths used in numerical weather prediction (NWP) and climate models. The functions have smaller values than those used in NWP. There is also support for the use of K-profile similarity in parametrizations. Thus, the results provide improved understanding and motivate future developments of the parametrization of the SBL.
Introduction
The large-eddy simulation (LES) of the stably stratified atmospheric boundary layer is a very challenging task. Whilst much progress has been made in simulating the convective cloudy boundary layer over the last decade (see Moeng et al., 1996; Brown et al., 2002 for recent intercomparison studies), progress with modelling the stable boundary layer (SBL) has been slower. One source of difficulty with the stable boundary layer and LES is that the characteristic eddies are much smaller than in the convective boundary layer, and thus require significantly more resolution and computer power for a reliable simulation. The small size of the eddies makes it much more difficult for the model to maintain resolved turbulence. When the resolution is coarse relative to the size of the eddies, or the subgrid model excessively dissipative, the subgrid fluxes dominate over the total and the resolved turbulence vanishes in scenarios where the forcings imply continuous turbulence. Although the subgrid model may still provide a reasonable model of the fluxes in these instances, the simulation is no longer a true LES. Those papers that have reported successful simulations (i.e., with resolved turbulence) are mainly for the weakly/moderately stable boundary layer: Mason and Derbyshire (1990), Brown et al. (1994) , Andren (1995), Galmarini et al. (1998) , Kosovic and Curry (2000) and Saiki et al. (2000) . Most of these are reviewed by Beare and Mac Vean (2004) .
Whilst the SBL is difficult for LES, the parametrization of the SBL in large-scale models is important for various aspects of numerical weather prediction (NWP) and climate modelling (Louis, 1979; Beljaars and Holtslag, 1991; King et al., 2001) . Examples include: surface temperature forecasting over land at night, fog prediction, the timing of convection, and polar climate. Given the need to improve and understand the parametrization of SBLs in large-scale models, the Global Energy and Water Cycle Experiment Atmospheric Boundary Layer Study (GABLS) initiative was launched in 2002 (Holtslag, 2003) . One question motivating this study was: why do climate models require more mixing in their SBL schemes relative to Monin-Obukhov theory and observations? Since LES has proved a useful guide for other physical parametrisations in the past, one component of the initiative was to perform the first intercomparison of large-eddy models for the SBL. This paper describes results from this component. The role of the intercomparison study was to assess the reliability and sensitivity of different models for an SBL case based on observations. This mirrored the approach of intercomparisons of the convective boundary layer, for example Moeng et al. (1996) . Also, the results would provide further guidance for SBL parametrization.
In order to provide a useful test-case for intercomparison, the situation studied by Kosovic and Curry (2000) was chosen. This was adopted because it used initial conditions consistent with the BASE (Beaufort Sea Arctic Stratus ExperimentÞ observations, was moderately stable À h L $ 2, where h is the SBL height and L is the surface Obukhov length) and thus likely to be mainly continuously turbulent, and had previously been successfully simulated. The case, described more in Section 2, represents a typical quasiequilibrium moderately stable boundary layer, akin to those commonly observed over polar regions and equilibrium nighttime conditions over land
